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■ A NOVEL METHOD FOR REDUCING TOBACCO 
SPECIFIC NITROSAMINES (TSNAs) IN AIR- 
CURED TOBACCO VARIETIES 

Tobacco specific nitrosamines (TSNAs) have been virtually eHminated from flue-cured 
tobacco by modifying the curing bams to separate drying tobacco leaves from the combustion 
gases produced by conventional heaters. Unfortunately, TSNA levels have not been significantly 
reduced in air-cured tobacco due to microbial activity and the high costs associated with 
eliminating microbes from the leaf source. I have invented a low cost method for reducing 
TSNA accumulation in air^cured tobacco through a novel approach of scavaging nitrogen oxides 
during air-curing. This invention could have significant impact on the tobacco industry and the 
public health by substantially reducing a major class of potent carcinogenic compounds, TSNAs, 
in air cured tobacco. 

TSNAs are highly carcinogenic compounds formed from the nitrosation of tobacco 
alkaloids during curing. Current evidence suggests that TSNAs in flue-cured tobacco are formed 
fix)m the direct interactions of combustion products with fte leaf alkaloids during the curing 
process. A $57 million dollar program has just been completed by the major U.S. tobacco 
companies to convert domestic curing barns so that combustion gasses can be vented from bams 
instead of mixing vnth the drying leaves. While this conversion appears to have eliminated 
TSNAs from flue-cured tobacco, no simple engineering fix is currently available for air-cured 
varieties. In the case of these varieties, TSNA accumulation appears to result from microbial 
activity during the prolonged curing process in open air. Experiments reported at the 55* 
Tobacco Science Research Conference (10 September 2001) indicate that infiltration of air-cured 
tobacco leaves with ascorbic acid substantially reduces the accumulation of TSNAs (see 
Appendix 1). 

In previous work, unrelated to TSNAs, we have shown that ascorbic acid levels can be 
increased in Nicotiana tabacum cv. Xanthi, an air-cured tobacco variety by expressing the gene 
encoding L-gulono-garama-lactone oxidase (GLOase) the terminal enzyme in the an'unal ascorbic 
acid biosynthetic pathway. The invention is therefore to use this approach to reduce TSNAs in 
commercially produced tobacco. 



J In s^hort, work by other groups has shown that infiltration of ascorbic acid into air-cured 
^^bacco leaves greatly decreases the accumulation of highly carcinogenic TSNAs. Work in my 
laboratory (see Appendix 2) has shown that internal ascorbic acid levels can be increased up to 7- 
fold in tobacco leaves by expressing a rat gene encoding L-gulon-gamnia-lactone oxidase 
(GLOase) there terminal enzyme in the animal ascorbic biosynthetic pathway. Therefore, my 
invention would be to use the GLOase gene or other genes in the ascorbic acid biosynfhic 
pathway for the purpose of reducing TSNA accumulation in air-cured tobacco by increasing their 
ascorbic acid levels during curing. Additional improvement would include the use of desiccation 
and senescence induced promoters that would increase expression of ascorbate pathway genes in 
tobacco leaves as they dried and yellowed during the air-curing process. 

Expression of L^gulono-y-lactone oxidase (GLOase) in burley 509 increases ascorbic 

acid levels 

Principal Investigaton Craig L. Nessler 

Experimental Results : Eighteen burley 509 tobacco lines expressing a rat cDNA 
encoding L-gulono-y-lactone oxidase (GLOase) were created using Agrohacterium 
' tumefaciens mediated transformation. Burley 509 was chosen as a target for metabolic 
engineering because it is an air-cured coimnercial variety particularly prone to 
developing tobacco specific nitroamines (TSNAs) during the curing process. Thus 509 
represents an ideal target for examining the phenomenon of TSNA reduction resulting 
from the endogenous production of ascorbic acid. 

Analysis of the GLOase over expressing plants showed 2-8 fold increases in 
ascorbic acid compared to wild-type plants. Data from this analysis is shown in table 1 
and presented graphically in figure 1 . 

Ongoing Research: Experiments are underway to determine the TSNA levels in nine of 
these lines currently being air-cured in a tobacco bam at our Glade Spring Agricultural 
Research and Extension Center (AREC). The GLOase expressing 509 stalks taken from 
greenhouse grown plants were placed in the middle of nontransgenic field grown stalks. 

Field experiments will begin during the spring of 2003. Plants will be grown from 
seed in the Virginia Tech greenhouses and 4-6 week old seedlings will be taken to the 
Blackstone and Glade Spring ARECs for hardening and transplanting to the field. The 
field plots will consist of 16 plant rows in a randomized complete block design. 

Both engineered and control plants will be grown using standard burley 
production methods and although no extraordinary measures will be taken in their 
cultivation they will be treated for diseases or insect infestations as needed. The overall 
agronomic performance of the experimental and control plants will be observed 
throughout the growing season and any unusual features that mi^t be due to elevated 
ascorbic acid levels noted. 

Experimental and control tobacco plants will be harvested at the end of the 
growing season and cured in open bams at the stations along with other field grown 
' material to maximize exposure of the leaf to microorganisms that may be associated with 
TSNA production during the cure. Following the curing process leaf will be subjective to 
extensive chemical profiling including TSNA analysis. 
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Figure 1: Ascorbic Acid Levels in GLOase 509 Burly Tobacco 
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Abstract 

Plants and most animals can synthesize their own L-ascorbic acid (vitamin C), but a mutadon in the L-gulono-y- 
lactone oxidase gene in the primate lineage makes it necessary for humans to acquire diis vital compound from their 
diet Despite the fact that plants and animals synthesize ascorbic acid via different pathways, transgenic tobacco 
and lettuce plants expressing a rat cDNA encoding L-gulono-y -lactone oxidase accumulated up to seven times 
more ascorbic acid than unlransformed plants. These results demonstrate that basal levels of ascorbic acid in plants 
can be significantly increased by expressing a single gene from the animal pathway. 

Abbreviations: GLDase, L-galactono-y -lactone dehydrogenase; GLOase, L-gulono-y -lactone oxidase; L-AsA, 
L-ascorbic acid; L-GAL, L-galactono-y-lactone; L-GUL, L-gulono-y-lactone 



Introduction 

L-Ascorbic acid (L-AsA, vitamin C) is a powerful 
antioxidant produced in milllmolar concentrations in 
plants and plays important roles in metabolism and 
in scavenging free radicals in biological systems. Al- 
though the l^AsA pathway in animals is well estab- 
lished, the specific enzymatic steps responsible for 
L-AsA synthesis in plants have long been controver- 
sial [5, 11, 20], and only recendy has a generally 
accepted pathway been proposed for higher plants 
(Figure I) 123]. ' 

In animals capable of synthesizing L-AsA, the 
temiinal step in the pathway is the oxidation of L- 
gulono-y-lactone(LrGUL) by the enzyme L-gulono- 
y-lactone oxidase (GLOase, EC 1.1.3.8) 1141. A mu- 
tation in the gene encoding this enzyme has rendered 
primates, including man, incapable of synthesizing L- 
AsA and therefore dependent on dietary sources for 
this vitamin. 



In plants, early feeding studies suggested that L- 
gaiactono-y-lactone (L-G AL)» rather than the L-GUL, 
serves as the immediate precursor for L- AsA produc- 
tion [8, 12]. Recently, the presence of L-GAL was 
confirmed in plants and a cauliflower cDNA encod- 
ing L^GAL dehydrogenase (GLDase, EC 1.3.2.3) was 
cloned and expressed in yeast [17]. 

Even though plants and animals use different 
biosynthetic pathways to produce L-AsA, it may be 
possible to metabolically engineer plants to supple- 
ment their production of L-AsA using one or more 
components of the animal pathway. Here we report 
that tobacco and lettuce plants expressing an animal 
pathway gene can accumulate up to seven times more 
L-AsA than control plants. 
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I 'I 

T8 T9 T10 CI 
Tobacco Line 

Figure 2. L-AsA content and relative GLOase mRNA expression 
la leaves of 35S::GLOa5e transfonned CD and untrdnsformed (C) 
tobacco lines <cnor bar indicates standard deviation). 



procedure was used throughout the study. The HPLC 
method was also used to check for L-AsA degradation 
at different times using both exuracted samples and 
standard solutions. A maximum of 5% degradation in 
L-AsA peak area was observed during the first 30 min 
after sample extraction. Therefore, four samples were 
extracted at a time and they were immediately an- 
alyzed to minimize L-AsA degradation. The HPLC 
procedure is quite rapid with an L-AsA retention time 
of 3.6 min allowing analysis of four samples in less 
than 20 min. Three samples from each plant were an- 
alyzed to further minimize variations due to L-AsA 
turnover. 

Tissue samples were homogenized in a prechilled 
mortar with 1:1 (w/v) cold extraction buffer (10% 
trichloroacetic acid (TCA), 10 niM oxalic acid), and 
placed on ice for IS min. The samples were cen- 
trifuged at ISOOOx g for 5 min at 4 **C and the super- 
natants extracted 3 times with 2 vol of water-saturated 
ethyl ether to remove TCA and oxalic acid. Standard 
L-AsA solutions (10 mM) were freshly prepared prior 
to use. 

HPLC analysis of L-AsA was performed using a 
C-18 reversed-phase column-(8 mm x 100 mm). Sam- 
ples (50 /xl) were injected using a Waters WISP 7 lOB 
autosampler. The solvent system consisted of 80 mM 
acetate buffer (adjusted to pH 4.0 with glacial acedc 
acid), 1.0 mM tridecylamine and 15% methanol at a 
flow rate of 1.3 ml/min. Samples were analyzed with 
an UV detector at 254 nm. Mean L-AsA levels for 
each transformed and untransformed individual were 
calculated and are presented in Figures 2 and 3. 

For feeding studies fully expanded young leaves of 
35S::GLOase transformed and untransformed tobacco 




Lettuce Line (cv. Black Seeded Simpson) 




T2 T3 T1 TS T4 01 C2 

Lettuce Line (cv. Grand Rapids) 




T13 Tt Ta TS Til T14 CI 

Lettuce Line (cv. Prizehead) 



C2 



Figure 3. L-AsA concenl and relative GLO mRNA expression in 
35S::GLOasc transformed (T) and untransfonned (C) leaves from 
three lettuce cuUivars. A, cv. Black Seeded Simpson; B» cv. Gtand 
Rapids; C. cv. Prizehead. Em)rbar indicates standard deviation. 



plants were placed in 125 ml flasks containing deion- 
ized vs^ater or freshly prepared 30 niM solutions of 
L-GAL or L-GUL. Leaves were maintained at 22 °C 
under a 14 h light (40 ^mol s~^)/lO h dark 
photoperiod. Leaves were transferred to freshly pre- 
pared feeding solutions every 12 h and samples were 
collected after 72 h for L- AsA analysis by HPLC. 



.1^ ^ 



TiiMe L Effect of precursor feeding on L-AsA content of uansfonned (T) 
and untiansfonned (C) tobacco leaves 



Tieatmenl^ 



L-AsA Conlenl (M moles per gram FW)^ 





T2 


T8 


CI 


C2 


L-Galactono-x-lactone 
(GAL) 


5.80 
±a876 


7.97 
±1.162 


3.25 
±0.675 


Z85 
±0.487 


L-Gulono- V -lactone 
(GUL) 


1.85 
±0299 


1.94 
±0.251 


031 
±0.090 


a43 
±0.061 


Distilled water 


0.14 

±0.006 


0.17 
±0.007 


0.047 
±0.021 


0.041 
±0.018 



^Leaves were fed 30 mM solutions for 72 h. 

'^Meon of 3 replicates of 2 trials ± standard deviation. 
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pathway may be a useful approach to nutritional en- 
gineering to avoid problems with gene silencing and 
cosuppression [9, 19, 21]. It will be interesting to see 
if the introduction of other genes from the animal path- 
way can influence L-AsA levels in tobacco, lettuce, or 
other plant species and whether elevated L-AsA levels 
will be useful in enhancing their tolerance to oxidative 
stress [5]. 
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